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Abstract. For the first time, we find that the dynamic antiferromagnetic phase present in CeFe2 
gets stabilized with Ga and Si substitutions. We find that phenomena such as strain-induced 
first order jumps in the magnetization curves, asymmetry between the M-H curves during the 
increasing and decreasing field cycles, the envelope curve being inside the virgin curve, occur 
in these compounds. Temperature and time dependences of magnetization show that the 
compounds possess glassy behavior at low temperatures. Multi-step magnetization behavior, 
unusual relaxation effect, thermal and magnetic history dependence, which are signatures of the 
martensitic scenario due to the strong magneto-structural coupling, are found to be present in 
this system. We also show that one can induce the magnetization steps with the help of 
appropriate measurement protocol. Detailed magnetization relaxation studies have been carried 
out to understand the dynamics of magnetic phase transition.  
1. Introduction 
 
Doped CeFe2 is a well known phase separated compound among the intermetallics [1]-[4]. Both 
structural and magnetic phase transitions and a strong coupling between these two has made this 
system a prototype to address distinct features of basic magnetism, kinetics and first order phase 
transition [5]-[7]. CeFe2 shows simple ferromagnetic behavior with a Curie temperature (TC) of 230K 
and it is shown that antiferromagnetic spin correlation exists at low temperatures [8]. However, 
application of external hydrostatic pressure or substitution of Fe by some selected elements stabilizes 
the antiferromagnetic ground state in this compound [9]. Neutron diffraction studies on the doped 
CeFe2 have shown that the compound undergoes a structural distortion while going from high 
temperature ferromagnetic phase (cubic) to low temperature antiferromagnetic phase (rhombohedral) 
[1]. Ultra sharp steps in magnetization isotherms have been attributed to the martensitic behavior in 
these compounds [7]. It is well known that certain phase separated manganites undergo structural 
transition across the magnetic transition [10]-[12]. There seems to be many similarities between doped 
CeFe2 and these manganites. Taking into account these similarities, martensitic type behavior is 
invoked to address the anomalous features shown by doped CeFe2 compounds. 
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In this report, we show that substitution of Fe by Ga and Si can stabilize the low temperature 
antiferromagnetic state when the doping concentration is above a critical value. As representative 
examples, we focus on Ce(Fe0.975Ga0.025)2 and Ce(Fe0.95Si0.05)2, in which the AFM state is quite stable at 
low temperatures. Martensitic scenario and kinetics of the system has been discussed with the help of 
detailed magnetization relaxation measurements. Universality of these features and that of magnetic 
oxides has been discussed.             
 
2. Experimental Details 
 
Details of preparation of polycrystalline samples of CeFe2, Ce(Fe1-xGax)2, Ce(Fe1-xSix)2 [x=0, 0.01. 
0.025 and 0.05] have been reported elsewhere [1,7]. The structural analysis of the samples was 
performed by collecting the room temperature powder x-ray diffractograms (XRD) using Cu-Kα 
radiation. The refinement of the diffractograms was done by the Rietveld analysis using Fullprof suite 
program. The lattice parameters were calculated from the refinement. The DC magnetization 
measurements, in the temperature range of 1.8- 300 K and in fields up to 90 kOe have been performed 
in a Vibrating Sample Magnetometer attached to a Physical Property Measurement System (PPMS, 
Quantum Design Model 6500) and/or a SQUID magnetometer. Some measurements were done using 
Oxford Maglab VSM. Magnetization has been measured in zero field cooled (ZFC), field cooled 
cooling (FCC) and field cooled warming (FCW) modes. 
 
3. Results and Discussions 
 
  
Figure 1. Powder x-ray diffraction patterns, along with the Rietveld refinement of 
Ce(Fe0.975Ga0.025)2 and Ce(Fe0.95Si0.05)2 compounds. The plots at the bottom show the 
difference between the theoretical and the experimental data. 
 
X-ray diffraction patterns of Ce(Fe0.975Ga0.025)2 and Ce(Fe0.95Si0.05)2 are shown in figure 1 along with 
the Rietveld refinement. It is clear that the compounds are single phase and both possess MgCu2 type 
cubic structure (Space group: mFd3 ).  
 
 
Figure 2. Temperature dependence of the magnetization of (a) Ce(Fe0.975Ga0.025)2, (b) 
Ce(Fe0.95Si0.05)2 in various fields. Data has been taken during warming the sample in 
both ZFC (closed symbols) and FCW (open symbols) modes. Inset shows the M vs T 
plot for CeFe2. 
 
Temperature variation of magnetization is shown in figure 2 for both the compounds. The inset of 
figure 2a shows the M-T data of CeFe2. With substitution of Ga and Si the antiferromagnetic phase 
gets stabilized at low temperatures. A similar observation was also reported with Co, Al, Ru, Ir, Os 
and Re doping [1]-[4]. The difference between ZFC and FCW data increases with increasing field and 
at high enough fields, these two modes of data merge. It is to be noted that while Ga concentration of 
0.025 stabilizes the AFM state very well, it needs a higher concentration of 0.05 in the case of Si 
substitution. Comparing different concentrations of Si and Ga (all not shown in this paper) above the 
critical concentration, it is found that Si doped compounds possesses stronger antiferromagnetic 
coupling at low temperatures, compared to the Ga doped compounds. 
  
 
Figure 3. Magnetization isotherms for Ce(Fe0.975Ga0.025)2 at 1.8K and Ce(Fe0.95Si0.05)2 
at 2K.   
 
Magnetization isotherms at low temperature are shown for both the compounds in figure 3. It is 
interesting to note here that across the metamagnetic transition the moments reorient themselves along 
the direction of field, accompanied by a number of sudden jumps. The field decreasing path does not 
follow the field increasing path in the magnetization, for both the compounds. The difference between 
the two branches was earlier attributed to the supercooling of the ferromagnetic phase [5]. To account 
for these jumps, we would recall the structural transition across the magnetic phase transition from 
AFM to FM states (with the help of the applied field), which was reported earlier in other doped CeFe2 
compounds [1]. Structural mismatch across the magnetic phase transition produces martensitic strains 
in the compound and during field induced transition the strain gets released along with the spin flip. 
This relief of strain energy along with magnetic phase transition causes the compound to transform 
from AFM phase to FM phase in a burst-like manner, resulting in the jumps [7], [10]-[12]. It may also 
be noted from figure 3 that the critical field for metamagnetic transition is more in the case of Si doped 
compound, as compared to that in the Ga doped compound. This observation is in agreement with the 
fact that the AFM is better stabilized with Si.  
 
 
 
Figure 4. (a) Magnetization isotherm at 2.6K for Ce(Fe0.975Ga0.025)2 in the interrupted 
sweep mode. Measurement was held for 1.5 h at 20kOe and 1 h at 32kOe. (b)  
mageization isotherm at 1.9K for Ce(Fe0.95Si0.05)2 compound. Measurement was done 
for holding time of  2 h at fields of 37, 38, 39, 40, 41 and 42 kOe. Right panels of a 
and b show the growth of magnetization with time.  
 
As the magnetic relaxation/growth in these compounds is unconventional, we have studied the time 
dependence or spontaneous transition across metamagnetic region in detail, as shown in figure 4. For 
time dependent measurement we have used the following measurement protocol as reported earlier 
[13, 14].  The compound has been zero field cooled to the measurement temperature. The field was 
ramped to the holding field in sweep mode and the measurement was carried out for reasonable 
duration. Then the field was again ramped to the next holding field and so on. This kind of 
measurement is referred to here as interrupted sweep mode and is shown in figure 4. It is interesting to 
observe here that one can induce magnetization steps by delaying the measurement at certain fields 
across the metamagnetic transition. Time induced magnetization steps have been earlier reported in 
manganites by holding at a certain field after a critical time [13]-[15]. It shows that the step size 
depends on the measurement procedure. The experimental time scale and the time scale of 
transformation may not be same and different measurement protocols give rise to variations in the 
results. This strong dependence on the measurement protocol does point to the features of martensitic 
like transformation [12,15]. Therefore, the present observations clearly point towards the martensitic 
like scenario in doped CeFe2 compounds.  Right panels of figure 4a and b show the growth of 
magnetization during the holding time. It is found that, in general, this variation can be fitted to a 
stretched exponential function, implying that the magnetic state at low temperatures is of glassy nature 
[13,16].  
The above discussed results indicate the martensitic type nature of the magnetostrucrural phase 
transition in Ga/Si doped CeFe2.  Although both the dopings show stabilization of low temperature 
AFM phase, the strength of AFM coupling is more in the case of Si doping. The critical fields needed 
for AFM-FM transition is found to be larger in Si doping as compared to that in Ga doping.  Large 
number of steps are found in Ga doped compound and the metamagnetic transition starts at lower field 
compared to that of Si doped compound. Another difference between these two substitutions is that the 
incubation time is less in Ga case as compared to that of Si. Stronger magnetostructural coupling in the 
case of Si is possibly responsible for longer relaxation time for moments to get saturated at a certain 
field in the case of Si doped compounds. 
 
4. Conclusion 
 
To summarize, we have shown that substitution of Fe by Ga and Si can stabilize the fluctuating AFM 
ground state in CeFe2. Low temperature magnetic isotherm shows sharp jumps across the 
metamagnetic transition. Detailed time dependent measurements have been performed to understand 
the kinetics of the system. Structural mismatch and relief of strain energy across the magnetostructural 
phase transition have been attributed to the origin of step behavior in magnetization. Relaxation across 
the metamagnetic transition shows a glassy behavior within this compound. The close similarities 
between these results and that of manganites are explained in terms of more than one type of 
competing interactions and their coupling. We conclude that the interesting features in these doped 
compounds are associated with the first order magnetostructural phase transition. 
 
References 
 
[1] Roy S B and Coles B R 1989 J. Phys.: Condens. Matter 1 419 
[2] Giorgetti C, Pizzini S, Dartyge E, Fontaine A, Baudelet F, Brouder C, Bauer P, Krill G, Miraglia S,  
Fruchart D and Kappler J P 1993 Phys. Rev. B 48 12732 
[3] Roy S B and Coles B R 1989 Phys. Rev. B 39 9360 
[4] Rajarajan A K, Roy S B, and Chaddah P 1997 Phys. Rev. B 56 7808 
[5] Manekar M A, Chaudhary S, Chattopadhyay M K, Singh K J, Roy S B, and  Chaddah P 2001 Phys. 
Rev. B 64 104416 
[6] Roy S B, Chattopadhyay M K, and Chaddah P 2005 Phys. Rev. B 71 174413 
[7] Haldar A, Suresh K G and Nigam A K 2008 Phys. Rev. B 78 144429 
[8] Paolasini L, Ouladdiaf B, Bernhoeft N, Sanchez J-P, Vulliet P, Lander G H  and Canfield P 2003 
Phys. Rev. Lett. 90 057201 
[9] Braithwaite D, Lapertot G, Salce B, Cumberlidge A M and Alireza P L 2007 Phys. Rev. B 76 
224427 
[10] Mahendiran R, Maignan A, Hebert S, Martin C, Hervieu M, Raveau B, Mitchell J F, and Schiffer 
P 2002 Phys. Rev. Lett. 89 286602 
[11] Hardy V, Majumdar S, Lees M R, Paul D McK, Yaicle C and Hervieu M 2004 Phys. Rev. B 70 
104423 
[12] Hardy V, Majumdar S, Crowe S J, Lees M R, Paul D McK, Herve L, Maignan A,  Hebert S, 
Martin C, Yaicle C, Hervieu M,  and Raveau B 2004 Phys. Rev. B 69 020407(R) 
[13] Wu T and Mitchell J F 2004 Phys. Rev. B 69 100405(R) 
[14] Hardy V, Maignan A, Hebert S, Yaicle C, Martin C, Hervieu M, Lees M R, Rowlands G, Paul D 
McK, and Raveau B 2003 Phys. Rev. B 68 220402(R) 
[15] Liao D, Sun Y, Yang R, Li Q, and Cheng Z 2006 Phys. Rev. B 74 174434 
[16]Roy S B and Chattopadhyay M K 2009 Phys. Rev. B 79 052407 
